In this paper, three common measuring methods for the principles of water turbidity, namely, scattering, transmission and the ratio method are introduced. A method combined with modulation and demodulation techniques based on pulse width modulation (PWM) pulse for turbidity measurement using light intensity modulation is proposed. The experimental system that is, the realizing circuit of modulation and demodulation is described in detail. The experimental system was used to measure Formazine Standard Solution turbidity of different values. The experimental results are shown, and then turbidity values are calculated using the three methods. Through the analysis and comparison of the experimental results, it is shown that when using the ratio method combined with the modulation technique, the interference of background light can be eliminated effectively, so the measuring accuracy is significantly improved.
INTRODUCTION
Water turbidity is an important indicator of water quality.
There are suspended colloidal particles in water, making the original colorless water nepheloid. This is called turbidityhow cloudy the water is. Turbidity level does not directly show general water quality, but increased turbidity, resulting from domestic and industrial wastewater, indicates a deterioration in water quality.
There are three basic turbidity measuring methods based on optical phenomena caused by the turbid liquid.
They are the transmission, scattering and ratio methods.
During measuring, the key question is how to avoid the interference of background light. The common method is completely closing the measuring devices to cover the background light; however, for online turbidimeters of embedded and inserted structures, in order to ensure the liquid flows into the probe freely, the closed structure can nott be used, so there has to be some disturbance from background light (Chen ) .
A method which uses intensity modulation of a light source to radiate cloudy liquid, while the background light interference is filtered with signal processing to measure turbidity is introduced in this paper.
THEORY Common methods of measuring turbidity

Transmission method
When light passes through turbid fluid, due to the absorption and scattering from the suspended matter in it, then the attenuation of the luminous intensity is compliant with the Lambert-Beer law:
where I 0 is luminous intensity; I T is the intensity of the transmitted light; τ is the attenuation coefficient, which has nothing to do with the luminous intensity and is caused by turbidity; K is the constant of proportionality; T is turbidity; and L is the optical path of the transmission (Liu & Wang ) .
Scattering method
The scattering method is when a beam of light is passed through water testing samples and the scattered light intensity I R of 90 W can be expressed as follows (Song & Lu ) :
where I 0 is the intensity of the incident light; N is the number of particles per unit volume; V is the volume of particles; and λ is the wavelength of incident light as a coefficient.
Under certain conditions, λ and V can be assumed to be constants, then the coefficient and the total number of particles per unit volume or the total volume is proportional, which means it is also proportional to turbidity:
where T is water turbidity, and K 0 is another coefficient.
Therefore, under the same incident I 0 , scattered light intensity is proportional to I R and turbidity, then turbidity measuring is turned into a scattered light intensity measurement.
Ratio method
According to Rayleigh's scattering theory and Mie's scattering theory, the relationship between scattered light and incident light can be expressed as:
where I S is the luminous intensity of the scattered light;
N is the number of particles that the water samples contain, which is proportional to turbidity; α is a coefficient related to the scattering function; and l is the scattering optical path. According to the ratio method between transmitted and scattering light, combined with the formula for calculating the transmission method water turbidity can be calculated as (Liu & Wang ): 2. Detecting unit: Siemens BWP34 photocell is used as the receiving device, of which the peak wavelength is 850 nm.
In order to prevent interference from background light, the detector is placed in the shading tube and a narrow band 
Design of the detection circuit
As Figure 3 shows, first, the PWM signal, as a carrier signal, turns the constant current source into high-frequency pulses the pre-amplifier circuit is shown in Figure 5 and it is still a square wave of 1 kHz with a duty cycle of 50%.
The band-pass filter which is four-order voltagecontrolled voltage source, is used in the measuring circuit, since it is stable and easy to adjust its gain with high input impedance and low output (Yin et al. ) . Its frequency is also 1 kHz. The signal waveform after the band-pass filter circuit is shown in Figure 6 . It changed from the square wave of 1 kHz mentioned above to a sine wave of 1 kHz (fundamental of the square wave).
An average detection circuit is used in the demodulation circuit. Then a 10 Hz low-frequency signal is demodulated through the full-wave rectification and low-pass filter of the circuit (Hou ). The signal waveform after the demodulated circuit is shown in Figure 7 and it is changed to a direct current signal (effective value of the sine signal).
The demodulation signal is sent into the second-level amplifier, through which the signal conditioning is realized.
After that, the remaining amplification is adjusted to meet Table 1 shows turbidity values measured both with the PWM experimental system and without it. The values with the PWM system are shown in three methods. In Table 2 , turbidity measuring repeatability with PWM in the transmitted method is shown from the average data, standard deviation, coefficient variation and number of measurements. From the two tables, it is easy to see that using signal modulation and demodulation to measure turbidity, background light interference can be excluded effectively, the accuracy of measuring is greatly improved, and the repeatability of the system is high enough to ensure long-term measuring accuracy. The performance of the system using the ratio method to measure is high or low turbidity is good. It should be noted that when only the scattering method is used, higher turbidity is measured inaccurately and conversely when only the transmission method is used, lower turbidity measurement is not precise enough, due to the difference between the transmission method and the scattering method. The former is suitable for turbidity measurement of wide range from common to high values, while the latter is for low and even ultra-low water turbidity measuring (Hou ).
RESULTS AND ANALYSIS
CONCLUSION
Experimental results and analysis of the three methods above shows both environmental light and circuit noise interference can be effectively eliminated with light intensity PWM. Demodulation can be used for turbidity measurement, which can simplify the structure of the turbidimeter. It is easy to implement signal processing with MCU and the circuits mentioned above. It is not necessary for light intensity to be positive-cosine changed due to the use of PWM. It is effective when the periodic signal is of certain frequency, which makes the hardware structure easier. This approach is of practical significance for turbidimeters design of embedded and inserted structures.
